Composite nanofiltration (NF) membrane was developed polyacrylic acid (PAA) in situ UV graft polymerization process using ultrafiltration (UF) polysulfone (PSF) membrane as porous support.
INTRODUCTION
In recent years there has been great interest in nanostructure materials to tailor novel molecular devices with specific properties. In this perspective, microporous (size , 2 nm) and mesoporous (2 , size , 50 nm) 1 (i.e. nanoporous) polymer materials can be considered as promising systems in many application fields such as nanofiltration (NF) (Berg et al. 1997; Kiso et al. 2001a,b; Bowen & Welfoot 2002; Marcucci et al. 2002; Koyuncu et al. 2003; Chakraborty et al. 2004) . Nanofiltration (NF) membranes based technological process is between ultrafiltration (UF) membranes and reverse osmosis (RO) membranes. nanofiltration (NF) membrane's molecular weight cut-off ranges from 200 to 1,000 Da and its pore size is nominally 1 nm in dimension. nanofiltration (NF) membrane's operating pressure ranged from 0.5 to 1.5 MPa, which was much lower than RO membranes. nanofiltration (NF) membrane has been applied widely in many industry fields such as purification for drinking water (Bowen & Mohammad 1998 ) and industry wastewater (Nicolaisen 2003) . Research on composite membrane and its application are highly attention-getting in recent years. Especially composite technique for making nanofiltration (NF) membranes was mostly commercial and has the most yields (Huan et al. 2004) . The ampholytic behavior of material is used in the development of nanofiltration (NF) membrane. The separation mechanism of nanofiltration (NF) membrane is a combination of Donnan effect and sieving effect. More specifically, nanofiltration (NF) membrane can be used to remove salts from water while surface electrostatic properties allowed monovalent ions to be reasonably well transmitted with multivalent ions mostly retained (Schaep et al. 1998) . Charged membranes can repel co-ions which have the same sign of charge as the membrane charged by the electric repulsive force. This latter is responsible for the so-called Donnan exclusion that is connected with the development of an interfacial electrostatic potential barrier pumping counter ions through the membrane pores while repulsing co-ions (Schaep et al. 1998; Bandini et al. 2005; Ku et al. 2005) . Therefore, the separation mechanism of charged membrane can be based upon not only the doi: 10.2166/wst.2010.512 "sieve effect" but also the "charge effect". Normally, the membranes are negatively charged, and electrolyte solutes with higher anionic charged densities and/or with low cationic charge densities are rejected more effectively. On the other hand, the rejection of solutes without electric charge is less effective, and as a result, the charged thin-film composite membrane can reject ions much smaller than the membrane pore radii but cannot reject solute molecules, when the solutes do not carry any electric charge and their size is as small as ions (Schaep et al. 1998) .
UV irradiation graft polymerization is a technique that can selectively modify membrane surface properties. It is a very simple method to obtain a tailor-made membrane with specific properties by introducing specific monomers. The nature of the monomers plays an important role in this context. In this method, radicals are first created on the membrane surface by UV irradiation. In the presence of vinyl monomers, free radical graft polymerization occur, forming polymer chains that are covalently bonded to the surface (Bequet et al. 2000; Kaeselev et al. 2001; Pieracci et al. 2002) . Photo-induced grafting is known to be a useful technique for the modification and fictionalization of polymeric materials because of its significant advantages: low cost of operation, mild reaction conditions, selectivity to absorb UV light without affecting the bulk polymer and permanent modification of the membrane surface chemistry. Photo-grafting of polymers has been studied extensively since 1957 (Yamagishi et al. 1995; Ma et al. 2000; Kaeselev et al. 2001) . Generally, with the radiation technique, absorption of energy by the backbone polymer initiates a free radical process and the dose rate of the radiation can be varied widely, thus enabling the reaction to be better controlled. The application of radiation induced grafting on polymers can be employed in various industrial sectors: biomedical, textile, electrical, membrane, cement, coatings, rubber goods, foam, footwear, printing rolls, etc.
Thus, it is a very versatile technique for modifying the surface of polymeric membranes. In this paper, polysulfone (PSf) ultrafiltration (UF) membrane was used as the membrane support because of its mechanical, thermal and chemical stability. Another of its advantages for photografting is that polysulfone is intrinsically photosensitive and generates free radicals upon irradiation with UV light (Yamagishi et al. 1995) . Belfort et al. In this paper, we report the preparation of membranes from PSF-graft-PAA. This is then followed by a discussion of the morphology, water transport, and ion transport properties as well as the size selectivity of the PSF-graft-PAA membranes. PSF was targeted as the backbone of the graft copolymers because it possesses the desired mechanical, thermal, and chemical properties and is used widely as a commercial membrane material. UV-graft modification of asymmetric polysulfone membrane surfaces has been investigated as a function of treatment time using FT-IR spectroscopy, Scanning electron microscopy (SEM), atomic force microscopy (AFM), and salts solution retention measurements.
MATERIALS AND METHODS

Materials
Polysulfone (PSF) (Mw ¼ 75,000 gr/mol) was purchased from Acros Organic Co. Na 2 SO 4 , MgSO 4 , MgCl 2 and NaCl was purchased from Merck Co and used as solutes for the permeation tests. Dionized water was produced in laboratory.
Membrane preparation
A two-step process is used in this investigation to prepare Instruments, Santa Barbara, CA) in tapping mode. The membrane sample is mounted on a piezoelectric tube that moves the sample in the z direction to maintain a constant force, and in the x and y directions for scanning the sample.
The software directly provides the values for the mean roughness and the number of peaks in defined area of the membrane.
Experimental set-up
A laboratory-scale cross-flow recirculation test unit was used for all the filtration experiments. This test unit consisted of feed reservoir, stirred membrane cell, stirred plate for rotation of solution, nitrogen cylinder for apply the pressure.
Filtrate was returned to the feed reservoir ( Figure 3 ).
RESULTS AND DISCUSSION
Membrane surface characterization by FT-IR
To see what had actually happened on the membrane surface the membranes were characterized with FT-IR. 3 , 3 9 6 . 6 9 3 , 3 9 6 . 6 9 1 , 7 3 2 . 6 0 1 , 7 3 2 . 6 0 2,000
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Wavenumber (cm -1 ) 1,000 formed when the dope is immersed in water, the more developed the processes of polymer-lean phase growth and coalescence, thus the larger the finger-like pores (Kaeselev et al. 2001) . Indeed, the latter should be formed by rapid growth towards the depth of the polymer film during its coagulation by coalescence of existing polymer-lean droplets with the progress of solvent departure from the polymer-rich phase to the solvent-rich droplets. When the "setting" of the polymer-rich phase matrix, which stops the growth of these large droplets, is longer, the finger-like pores can expand in depth towards the other face.
Comparing the modified and unmodified membranes ( Figure 5(b) ) it was noticed that especially the membrane pores was decreased by UV photopolymerization and that mean polysulfone (PSF) membrane surface modification was successful (Yamagishi et al. 1995; Kaeselev et al. 2001) .
Membrane surface characterization by AFM
Three dimensional AFM photographs were employed for investigation surface roughness in different grafting amounts. There is a close relationship between the membrane morphology and the performance. AFM images of the top surface of polysulfone (PSF) and PSF-grafted-PAA membranes are shown in Figure 6 . The topographical show higher rejection than those having divalent counter ions (Mg þ2 ) (Schaep et al. 1998; Bequet et al. 2000; Bandini et al. 2005; Ku et al. 2005) . In fact, this is only true for the quite negatively charged membrane. The separation of Na 2 SO 4 can be greater than that of MgCl 2 and NaCl, because a negatively charged membrane and follow the Donnan exclusion mechanism. So, the dependency of the separation on the electrolyte valence types is determined by the charge of the membrane, and the salt rejection by charged nanofiltration (NF) membrane is mainly due to the surface interactions between the ions and the membrane. The membrane pore is weakly negatively charged and the retention order is: CaCl 2 , NaCl , MgSO 4
, Na 2 SO 4 (Bandini et al. 2005) .
CONCLUSIONS
The objective of this paper is the development of a new composite nanofiltration (NF) membrane less sensitive to salts retention. The membrane was obtained by 
